Magnetic and crystallographic properties of the permanent magnet systems (R1-xScx)2Fe14B (R=Y, Nd, Dy, Er, Lu) by Chen, S.K.
Magnetic and crystallographic properties of the permanent magnet systems 
(R1_XScxhfe14B (R=Y, Nd, Dy, Er, lu) 
s. K. Chen and J. G. Duh 
Department of Materials Science and Engineering, National TSing Hua University, Hsinchu, 
Taiwan 30043, Republic a/China 
H.C. Ku 
Department 0/ Physics, National Tsing Hua University, Hsinchu, Taiwan 30043, Republic o/Chlna 
Magnetic and crystallographic measurements have been made on the rare-earth iron boride 
systems (R1 _ x Scx ) 2Fe!4B (R = Y, Nd, Dy, Er, Lu). Powder x-ray diffraction data indicate 
that a Nd2Fe,4B-type single phase persists up to x = 0.2 with lattice parameters decreasing 
slightly due to the smaller metallic radius of the Sc3+ ions. The variation of magnetic moments 
per formula unit with nonmagnetic Sc substitution depends on the smaller Sc size and the 
nature of the magnetic alignment of the rare-earth sublattice (nonmagnetic in Y and Lu, 
ferromagnetic axial in Nd, ferromagnetic planar in Er, and antiferromagnetic axial in Dy) with 
respect to the iron sublattice. The Curie temperature Tc decreases monotonically with 
progressive addition ofSc atoms. 
INTRODUCTION 
The new permanent magnets based on rare-earth iron 
and boron have been studied extensively since the first dis-
covery of Nd2Fe l4B permanent magnets. l.2 Nearly an the 
rare-earth compounds R 2Fe l4B crystallize with the same 
NdzFe'4B-type structure of space group P42/mnm. Partial 
replacement Nd by more expensive heavy rare-earth ele-
ments Tb or Dy can increase the coercivity and anisotropy 
field of the magnets.3•4 A cost-saving magnet can be pro-
duced with promising magnetic properties by using didy-
mium material (a mixture ofNd and Pr with small amounts 
of Ce and La) instead of pure Nd.5 Crystallographic and 
magnetic properties of the pseudotemary systems 
(R1_xR: }zFeI4B (R = Nd, Dy, or Er, and R' = nonmag-
netic rare earths La, Ce, Y, or Th) have been reported.6- 9 
However, no replacement of the magnetic 4/ sites by non-
magnetic Sc has been reported. A systematic study on the 
structural and magnetic properties of the pseudoternary 
(R t _ xSe, )ZFe I4B compounds (R = Y, Nd, Dy, Ee, Lu) 
should provide a better understanding of this system. 
EXPERIMENT 
All samples were prepared by arc melting the high-puri-
tyelements (99.9%) under an ultrahigh-purity argon atmo-
sphere in a Zr-gettered arc furnace. The weight loss during 
arc melting was less than 0.1 %. The as-cast samples were 
wrapped in Ta foils, sealed under argon in a quartz tube, 
annealed at 1000 °C for 7 days, and followed by quenching to 
room temperature in water. Magnetic properties were mea-
sured with a PAR 155 vibrating sample magnetometer 
(VSM) with an applied field Ba up to 1.2 T, The samples 
measured were prepared from powders with a particle size 
smaHer than 45 Itm (325 mesh), along directions parallel 
and perpendicular to the alignment field of 1 T, and in a 
sample holder with molten wax. When the powder particles 
are still a loose assemblage, the magnetic field automatically 
lines them up with the easy axis parallel to the field (except 
in the ferromagnetic planar Er system). The solidified wax 
then locks this preferred orientation within a few minutes. 
Saturation magnetic moments per formula unit (Ms) are 
obtained from the Honda plot (M(Ba) vs lI.Ba J of the mag-
netization curves along the alignment direction. The anisot-
ropy field HA was measured by simple extrapolation of the 
magnetization curves along directions paranel and perpen-
dicular to the alignment field up to the field of intersection. 
The Curie temperature (Tc ) was measured with a DuPont 
I090B differential scanning calorimeter (DSC). 
RESULTS AND DISCUSSiON 
Powder x-ray diffraction data indicate that a Nd2FeI4B-
type single phasein CRt _ "Scx )2Fe!4B (R = Y, Nd, Dy, Er, 
Lu) persists only up to x = 0.2 due to the large size differ-
ence between the metallic radii ofSc3+ (1.641 A) and R3 .+ 
(L800 A for y3+, 1.821 A for Nd3+, 1.773 A for DyH, 
1. 756 A for ErH, and 1. 734 A for LuH ). This 20% solubil-
ity value is much smaller than the solubility of Sc in 
TABLE 1. Tetragonal lattice parameters a, c, unit ceil volume V, and x-ray 
density D for pseudoternary compounds (R, _ -,Scx hFe'4B. 
a c V D 
R x (l\) (A) (.A') (g/cmJ) 
y 0.0 8.767(9) 12.037( 10) 925.2(9) 6.97 
0.1 8.760(9) 12.016( 10) 922.1(9) 6.92 
0.2 8.750(9) 11.988( 10) 917.8(9) 6.90 
Nd 0.0 8.792(9) 12.190(10) 942.3(9) 7.62 
0.1 8.785(9) 12,163( 10) 938.7(9) 7.5l 
0.2 8.769(9) !2.186( 10) 937.0(9) 7.39 
Dy 0.0 8.762(9) 12.022( 10) 923.0(9) 8.04 
0.1 8.755(9) 11.991(10) 919.1(9) 7.91 
0.2 8.756(9) I 1.977 ( 10) 918,2(9) 7.75 
Er 0.0 8.738(9) i 1.964 ( 10) 913.5(9) 8.[9 
0.\ 8.740(9) 11.938(10) 911.9(9) 8.03 
0.2 8.730(9) 11.917(10) 908.2(9) 7.88 
Lu 0.0 8.703(9) 1l.876( 10) 899.5(9) 8043 
0.1 8.670(9) I 1.892 ( 10) 893.9(9) 8.31 
0.2 8.656(9) 11.893 (10) 891.0(9) 8.16 
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FIG. 1. Field dependence of magnetization of aligned (Y I ,Scx )2Fe14B 
powders along the directions parallel and perpendicular to the alignment 
direction up to i.2 T and at room temperature. 
R J __ x SCx binary alloys which form ideal solid solutions. to 
The tetragonal lattice parameters a, c, unit cell volume V, 
and x-ray density D decrease monotonically with increasing 
x due to smaner and lighter Sc ions, and are listed in Table 1. 
The field dependence of magnetization of aligned 
powders (R1_ xScx )2Fe14B (R = Y, Nd, and Dy) at room 
temperature along directions paranel and perpendicular to 
the alignment field are shown in Figs. 1-3, respectively. 
Magnetic moments per fonnula unit Min 1.2 T maximum 
applied field parallel to the aligned powder direction and 
saturation magnetic moments per formula unit Ms obtained 
from the extrapolation of M(Ba) vs lIBa Honda piot for 
(R 1 _ "Scx J2Fe14B systems (R = Y, Nd, Dy, Br, and Lu) 
are listed in Table II, along with anisotropy fieid HA and 
Curie temperature Tc. In the Y and Lu systems where Y and 
Lu are nonmagnetic, Ms decreases only slightly in the Y 
system (from 27.3 I-ln/f.u. for x = 0.0 to 25.4 Po/f.ll. for 
x = 0.2) but sharply in the Lu system (from 23.1 P B If. u, for 
x = 0.0 to 14.8 Po/f.u. for x = 0.2), indicating that even 
Sc3+ is nonmagnetic; as compared with larger Y, the smaller 
Lu and Sc size can effectively change the net magnetic mo-
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FIG. 2. Field dependence of magnetization ofaJigned (Nd l xSc, ),Fe I4B 
powders along directions parallel and perpendicular to the alignment direc-
tion up to 1.2 T and at room temperature. 
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FIG. 3. Field dependence of magnetization of aligned (Dy,_ -,Sex )2Fe'4B 
powders along directions parallel and perpendicular to the alignment direc-
tion up to 1.2 T and at room temperature. 
ment in the Fe sub lattice. In the ferromagnetic axial Nd sys-
tem where Nd~H moments align parallel to the iron mo-
ments,Ms decreases from 31.4 fln1f.u. for x = 0.0 to 29.9 
Po If. u. for x = 0.1, and then decreases sharply to 15.0 P B / 
f.li. for x = 0.2. The decreasing rate for x = 0.1 is compara-
ble with the Y-substituted compounds (Nd] _ .< Y x }zFeI4B 
for x = O. V but is much higher for x = 0.2, which again 
apparently results from the smaller Sc size. On the other 
hand, in the ferromagnetic axial Dy system where Dy3+ mo-
ments align antiparallel to the iron moments, M, increases 
from 13,1 Pn/f.ll. for x = 0.0 to 15.1 Its/f.u. for 10% of 
nonmagnetic Sc substitution which eliminates part of the 
antiparaUel moments in the Dy 4/ sites. For x = 0.2, the Sc 
size effect intervenes in such a way that the net M, value 
increases only from 15.1 f-lll/f. u. for x = 0.1 to 15.2.u B If. u. 
for x = 0.2. No data from the Er compounds are available 
due to the difficulty of powder alignment for the ferromag-
netic planar Er system. 
TABLE II. Magnetic data for (R, _,Scx )2Fe'4B. M: magnetic moment 
per formula unit ill 1.2 T field parallel to the aligned powder direction and at 
300 K. 11/,: saturation magnetic moment per formula unit extrapolated 
from Honda plot [M(Ba ) vs lIBa]. H A : anisotropy field from simple ex-
trapolation of the magnetization curves parallel and perpendicular to the 
alignment direction up to the field of intersection. 1'c: Curie temperature. 
M M, lfA Tc 
R x (/I"/f.u.) (fi "/f.u.) (T) (K) 
Y 0.0 26.9 27.3 2.4 564 
0.1 27.0 27.3 2.3 560 
0.2 24.5 25.4 2.3 557 
Nd 0.0 30.7 31.4 6.6 589 
0.1 28.8 29.9 5.2 588 
0.2 13.6 IS.O 3.1 585 
Dy 0.0 12.8 \3.1 15.1 592 
0.1 14.7 IS.l 8.4 587 
0.2 14.8 15.2 5.4 583 
Er 0.0 planar 553 
0.1 planar 549 
0.2 planar 544 
Lu 0.0 22.8 23.1 2.8 535 
0.1 14,5 15.7 2.0 532 
0.2 12.8 14.8 1.8 528 
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The anisotropy field HA and Curie temperature Tc de-
crease monotonically with increasing Sc substitution. The 
rate of T c decrease, 4-9 K for 20% of Sc substitution, is 
comparable with the Y- and Tn-substituted systems.b,7 Since 
T c is predominantly determined by the Fe 3d-3d interac-
tion, the small change in Tc is expected. 
In conclusion, single-phase compounds exist up to 
x = 0.2 for the (R t _ "Scx )2Fe!4Bsystems (R = Y, Nd, Dy, 
Er, and Lu). Crystallographic and magnetic data can be ex-
plained quite satisfactorily from the size effect of the non-
magnetic Sc ions. 
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